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© Process for separating gas. 



@ A process for separating a gas which comprises alternately and repeatedly carrying out a step for feeding a 
mixed gas under pressure to a gas separation membrane and _a_step Jon suctlon of a permeating pas under 
vacuum after stopping feed of the mixed gas. 
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PROCESS FOR SEPARATING GAS 



FIELD OF THE INVENTION 



5 The present invention relates to a process for selectively enriching and separating a specific component 
from a mixed gas by using a gas separation membrane. More particularly, it relates to a process for 
enriching and separating a specific component efficiently and economically from a mixed gas by applying a 
pressure swing adsorption technique to a gas separating membrane module. 

10 

BACKGROUND OF THE INVENTION 



Various techniques for separating and refining a gas, or for enriching a specific component from a gas 

15 have been widely utilized in various fields such as industry, mining and medical treatment with regard to 
various gases. Among them, a technique for enriching and separating oxygen from air by using a separation 
membrane has already become practical in a medical apparatus for generating oxygen, and many 
apparatuses relating to this technique have been known. For example, there are Japanese Patent Kokai No. 
58-55310 (apparatus for generating oxygen enriched air), Japanese Patent Kokai No. 82903 (apparatus for 

20 enriching oxygen), Japanese Patent Kokai No. 59-203705 (device for enriching oxygen), Japanese Patent 
Kokai No. 62-83022 (gas separation module). Japanese patent Kokai No. 62-74433 (process for separating 
gas) and the like. Further, there are many inventions relating to separation membranes used in these 
apparatuses. For example, there are Japanese Patent Kokai No. 62-30524 (membrane for selective 
permeation), Japanese patent Kokai No. 62-74405 (separation membrane) and the like. In general, as a 

25 material of a separation membrane, both organic and inorganic compounds have been proposed. In 
particular, recently, organic polymer compounds have been developed actively and many proposals have 
been made. Such a separation membrane is usually composed of a thin layer (5 to 50 u ) on a porous 
support (50 to 500 u ) according to various methods. In practice, these membranes are assembled in a 
suitable size. Usually, the resulting assembly is referred to as a "module". As a type of the module, plate- 

30 and-flame type, spiral type and hollow fiber type are mainly used and each type has respective 
characteristics. Therefore, they are used property according to a particular purpose. 

When various gases are enriched and separated by using the above module, in order to make such a 
separation process advantageous over other enrichment and separation processes, it is of importance to 
improve properties of the above various separation membranes, to improve separation efficiency by using a 

35 proper type of the module suitable for a particular use and increasing a packing density of the separation 
membranes per unit volume of the module, and further, to improve economical efficiency by extending a 
lifetime of the membrane. On the other hand, when the module is used, it is of importance to reduce 
running costs for separation. For this purpose, ft is of importance to select suitable operation conditions of 
the module. 

40 The separation operation using a membrane is carried out by flowing a raw material gas along one 
surface of the membrane, while keeping the pressure of the other side of the surface of the membrane 
lower than that of the raw material gas side. Thereby, a component in the raw material gas is dissolved and 
diffused in the membrane and is moved toward the lower pressure side. At this time, permeability in a 
membrane varies depending upon a particular component of the gas and therefore the composition of a 

45 permeating gas is different from that of the raw material gas. Thus, the composition of the permeating gas 
is enriched in a certain component on the other hand, the gas which is not permeated (non-permeating 
gas) is concentrated. 

The running costs in this operation include power costs for feeding the raw material gas and recovering 
the permeating gas, life time of the module and, if necessary, costs for heating or cooling the raw material 
so gas and the permeating gas, but mainly power costs. In order to reduce such running costs, the following 
various attempts have been made in the above prior art 

1. A part of the raw material gas is introduced into the permeating gas (Japanese Patent Kokai No. 
62-74433). 

2. The raw material gas Is pressurized and. at the same time, the permeating gas is sucked 
(Japanese Patent Kokai No. 58-55310). 



2 



EP 0 305 120 A2 



3. Plural modules are connected in series to form multi-stage modules (Japanese Patent Kokai No, 
58-55309). 

4. In the above 3, modules are provided so that area of each module becomes smaller gradually 
toward downstream (Japanese Patent Kokai No. 62-83022). 

s 5. Pressure Is kept constant by providing an control valve (Japanese Patent Kokai No. 50-203705). 

Further, in order to improve properties of the above various separation membranes, some proposals 
have been made. However, as the properties are improved, the costs of the separation membrane itself 
becomes higher. Therefore, an important factor which effects on the costs of a product as well as the above 
power costs is how to increase the yield of a product per unit area of the membrane. 

to In conventional gas separation techniques by using membranes including the techniques as described 
above, they are limited to feed a raw materia) gas steadily at a constant pressure from a raw material 
feeding side, or to evacuate under vacuum from a permeating side, or to carry out both operations 
simultaneously. In such a process, when the gas is flowed along the surface of the separation membrane, 
the more permeable component in the raw material gas is decreased as the surface is closer to the gas 
. 75 outlet and the partial pressure thereof is decreased, which results in insufficient permeation of the gas. 
Therefore, the desired properties of the separation membrane cannot be sufficiently exerted throughout the 
entire surface of the membrane, which results in a low yield of a product per unit area of the separation 
membrane. 

20 

OBJECTS OF THE INVENTION 



Under these circumstances, the present inventors have intensively studied to solve the problem that a 
25 partial pressure of a more permeable component in a raw material gas becomes smaller at an outlet side 
and thereby gas separation efficiency, i.e., separation properties of a gas separation membrane is not 
sufficiently exerted. As the result it has been found that if it is possible to make a pressure difference 
between a non-permeating side and a permeating side (a raw material feeding side and an evacuating side) 
larger and to make the partial pressure of the above-mentioned component throughout the entire surface of 
30 a membrane uniform, the above problem can be effectively solved. 

Further it has been found that the pressure difference between a feeding side and an evacuating side 
can be reached to the maximum at a low power cost by repeating an operation for feeding a pressurized 
raw material gas into a gas separation membrane module and an operation for suction under vacuum 
alternately within a short period of time, and also found that this alternate repetition of the operations makes 
35 a partial pressure of said component more uniform throughout the entire surface of the membrane. 

That is, the main object of the present invention is to provide an improved process for enriching and 
separating a specific component efficiently and economically from a mixed gas by applying a pressure 
swing adsorption technique to a gas separating membrane module. 

This object as well as other objects and advantages of the present invention will become apparent to 
40 those skilled in the art from the following description with reference to the attached drawings. 



BRIEF EXPLANATION OF DRAWINGS 

45 

Fig. 1 is a pressure pattern illustrating the function and mechanism of the process of the present 
invention. 

Rg. 2 is a flow sheet illustrating a preferred example of an apparatus used in the present invention, 
wherein pressurization and pressure reduction are repeatedly carried out by using one pump, 
so Figs. 3a and 3b are gas flow patterns illustrating one preferred embodiment of the process of the 

present invention, wherein the apparatus as shown in Rg. 2 is used. 

Rg. 4 Is a flow sheet illustrating another preferred example of an apparatus used in the present 
invention, wherein pressurization and vacuum evacuation are repeatedly carried out using different pumps. 
Rg. 5a and 5b are gas flow patterns illustrating another preferred embodiment of the process of the 
55 present invention, wherein the apparatus as shown in Rg. 4 is used. 
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SUMMARY OF THE INVENTION 



According to the present invention, there is provided a novel process for enriching and separating a 
5 specific component from a mixed gas by feeding the mixed gas to a gas separation membrane module. 
The process for separating a gas of the present invention comprises alternately and repeatedly carrying out 
a step for feeding a mixed gas under pressure to a gas separation membrane and a step for suction of a 
permeating gas under vacuum after stopping feed of the mixed gas. 

to 

DETAILED DESCRIPTION OF THE INVENTION 



In the process of the present invention, a partial pressure of a more permeable component in a raw 

rs material gas becomes more uniform throughout the entire surface of the membrane by feeding a raw 
material gas to a module intermittently in comparison with feeding the raw material gas continuously or 
carrying out suction under vacuum continuously under the constant pressure difference. Thereby, decrease 
in an amount of a permeating gas and lowering of separation efficiency at a part close to a gas outlet side 
can be prevented and the entire area of a membrane can be effectively utilized. Further, when feed of a raw 

20 material gas and suction under vacuum from a permeating side are repeatedly and alternately carried out at 
a time cycle of 2 seconds to 5 minutes, a residual pressure is generated at both feeding and evacuating 
sides, respectively. These residual pressure provide larger pressure difference between a feeding side and 
an evacuating side in comparison with that provided by carrying out pressurization and/or evacuation 
continuously under the constant pressure difference. Thus, it is considered that this large pressure 

25 difference must provide advantages of the present invention. Although the function and mechanism of the 
present invention are not sufficiently clear, they can be illustrated, for example, by using Fig. 1. In Fig. 1. 
T represents an operation time. With the elapse of "f, at the feeding side, a raw material gas is 
pressurized to Pi and then the pressure is reduced to P 3 by evacuation at a permeating side. On the other 
hand, the permeating side is evacuated to P* and then pressurized to P2 by the next pressurization in the 

30 feeding side. In the present invention, the pressure difference APa (= APi + AP 2 ) or APb (=» AP 3 + AP*) 
is generated between the feeding side and the permeating side by alternating carrying out feeding of the 
raw material gas under pressure and carrying out evacuation of the permeating gas under vacuum. 
Thereby, the residual pressure corresponds to AP2 or AP 3 is added to APi or AP* in comparison with a 
conventional process wherein the raw material gas is fed at a constant pressure (Pi) or constant evacuation 

35 (P4) is carried out under vacuum. Further, even if the pressure difference ( APa or APb) is the same as that 
generated in a conventional constant pressurization or constant evacuation process, in the present invention, 
the pressure at each side periodically varies between Pi and P 3 or P 2 and P* because of alternate 
repetition of pressurization and evacuation. Furthermore, the pressure ratios P1/P2 and P 3 /P* between APa 
to APb vary. In view of the above, it is considered that a driving force is applied to permeability of the 

40 separation membrane to attain the desired advantages of the present invention. 

Thus, it is surprising that, as seen from the Examples as shown hereinafter, the process of the present 
invention has extremely superior advantages over a conventional process wherein constant pressurization 
and/or constant suction under vacuum are carried out 

In the present invention, it is preferred that the above pressurization and suction steps are repeatedly 

45 carried out at a short cycle time of 2 seconds to 5 minutes, more preferably about 5 to 20 seconds. When 
the cycle time is too long or short the advantages of the present invention can not be sufficiently exerted. 
One pump may be used in common for both pressurization and pressure reduction by switching, or 
different pumps may be used for pressurization and suction, respectively. In the case of a large industrial 
scale apparatus, sufficient for pressurization or suction would be carried out by using different pumps rather 

so than using one pump because a pump which is suitable for use in common for pressurization and suction 
can hardly be available in an industrial scale. Furthermore, by using different pumps, there is obtain an 
additional advantage that plural modules can be readily operated simultaneously and therefore a product 
can be continuously obtained. 

The gas separation process of the present invention can be applied to any type of module including 

55 pfate-and-flame type, spiral type, hollow fiber type and the like. Further, the mixed gas to which the process 
of the present invention is applicable is not limited to a specific one and the process of the present 
invention is useful for enriching and separating a specified component from a mixed gas regardless of a 
particular kind of the gas. 
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PREFERRED EMBODIMENT OF THE INVENTION 



A preferred embodiment of the process of the present Invention is illustrated hereinafter by, for 
s example, separation of oxygen from air using a hollow fiber type module which is a most popular type 
nowadays. 

Fig. 2 is a flow sheet illustrating one preferred example of an apparatus used in the present invention, 
wherein pressurization and pressure reduction are repeatedly carried out by using one pump 2 through 
valves 1 and 3. In Fig. 2, the permeating side of an oxygen permeation membrane module 4 is evacuated 

to by suction under vacuum. As a matter of course, this process can be carried out using one pump 2, even if 
plural gas separation membrane modules are used. When a raw material gas is air and oxygen is to be 
separated, the desired product is obtained at the permeating side and the permeating side is evacuated by 
suction under vacuum. To the contrary, when nitrogen is to be enriched and separated, the non-permeating 
side is exhausted and the desired product is stored in a tank. These operations can be appropriately 

15 chosen according to a kind of the gas to be treated and properties of the separation membrane to be used 
and both operations are included in scope of the present invention is so far as suction is carried out under 
vacuum at the permeating side thereof. 

Of course, even if plural separation membrane modules are used, the operations can be carried out with 
one pump which can carry out both suction and exhaust Apparently, this is very advantageous to a 

20 conventional process wherein the constant pressurization and evacuation are earned out with two pumps. 

Figs. 3a and 3b are gas flow patterns illustrating one preferred embodiment of the process of the 
present invention, wherein the apparatus shown in Fig. 2 is used. In Step-1, nitrogen is separated from the 
non-permeating side by feeding the raw material air under pressure to the gas separation membrane 4 and, 
in Step-2. after stopping feed of the raw material air. evacuation is carried out by suction under vacuum at 

25 the permeating side of the gas separation membrane module 4. As described above, this process is 
corresponding to separation of nitrogen from air as the raw material gas. To the contrary, when oxygen is 
desired as the product, the suction gas at the permeating side must be collected. The optimal values of the 
cycle time of Step-1 and Step-2 and the pressure for the pressurization and pressure reduction should be 
experimentally determined according to a particular kind of a gas, properties of a separation membrane, a 

30 kind of a module, a structure of an apparatus and the like. 

Likewise, Rg. 4 is a flow sheet illustrating another preferred example of an apparatus of the present 
invention, wherein a raw material gas feeding pump 5 for pressurization and a vacuum pump 9 for pressure 
reduction are provided to a gas separation membrane module 7 through valves 6 and 8, respectively. 

Rgs. 5a and 5b are gas flow patterns illustrating another preferred embodiment of the process of the 

35 present invention, wherein the apparatus shown in Fig. 4 is used. As described above with respect to Rg. 3, 
the optimal values of the cycle time and the like should be experimentally determined, but a short cycle 
time of 2 seconds to 5 minutes is effective in any case. 

In a conventional gas enriching and separation process, constant pressurization and/or pressure 
reduction are steadily effected to enrich and to separate a product from a raw material gas with a separation 

40 membrane module. On the other hand, in the present invention, pressurization and pressure reduction are 
alternately and repeatedly carried out Thereby, properties of a gas separation membrane can be 
sufficiently exerted so that a product having high concentration which can not have ever been obtained can 
be obtained. Further, regarding a product having the same concentration as that obtained according to an 
conventional process, the yield per unit time of a product in the present invention is about twice as much as 

45 that in a conventional process. 

The following Examples further illustrate the present invention in detail, but are not to be construed to 
limit the scope thereof. 

so Example 1 and Comparative Example 1 



55 
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Production of nitrogen enriched gas 

According to the process as shown in Figs. 3a and 3b. by using a hollow fiber type gas separation 
s membrane module of cellulose acetate resin having 8 m 2 of membrane surface area and one diaphragm 
type pump (capacity: 50 1/min, 180W) and using air as a raw material gas. pressuiization and pressure 
reduction were alternately repeated at a cycle time of 10 seconds in Step-1 and Step-2. respectively and 
then oxygen was evacuated from the permeating side to obtain nitrogen enriched product gas from the non- 
permeating side. 

ra The results and those of Comparative Example 1 wherein air was fed at a constant pressure by using 
the same pump are shown in Table 1. 
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As is clear from Table 1, in the case that the oxygen concentration of the product is 5%. the amount of 
the resulting nitrogen product gas of Example 1 is 1 .7 times as much as that obtained by Comparative 
Example 1 wherein air is fed at a constant pressure by using the same pump and the same module as 
those in Example 1. 



Example 2 and Comparative Example 2 



Production of nitrogen enriched gas 



75 According to the same manner as described in Example 1. nitrogen enriched product was obtained 
except that the same two gas separation membrane modules and the same two pumps for pressurization 
and for pressure reduction were used (see Rgs. 5a and 5b). The results are shown in Table 2. In Table 2, 
the results of Comparative Example 2 wherein air is fed at a constant pressure and evacuated at a constant 
pressure in vacuo by using two pumps are also disclosed. Regarding a product having the same 

20 concentration as that obtained according to a conventional process, the yield per unit time of a product in 
the present invention is 1.5 times as much as that in a conventional process. 
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Example 3 and Comparative Example 3 



According to the same manner as described in Example 2. an oxygen enriched gas was obtained as a 
product gas except that the permeating gas was sucked and collected. The results are shown in Table 3. 
Comparative Example 3 was carried out according to a conventional process wherein constant pressuriza- 
tion and constant evacuation were effected simultaneously. 
to Apparently, both oxygen concentration and yield of the present invention are superior to those of the 
conventional process. 
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Claims 

5 

1. A process for separating a specific component from a mixed gas by feeding the mixed gas to a gas 
separation membrane module which comprises alternately and repeatedly carrying out a step for feeding 
the mixed gas under pressure to a gas separation membrane and a step for suction of a permeating gas 
under vacuum after stopping feed of the mixed gas. 
io 2. The process according to claim 1, wherein each step is repeatedly carried out at a cycle time of 2 
seconds to 5 minutes. 

3. The process according to claim 1, wherein one pump is commonly used for pressurizatton and 
pressure reduction. 

4. The process according to claim 1, wherein different pumps are used for pressurization and pressure 
75 reduction, respectively. 

5. The process according to claim 1, wherein the mixed gas is air. 
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